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Abstract 
This work reports, in a general frame concerning the scientific explanations of wonderful effects from the daily life, on the 
physical basis behind the colorful images observed at the surface of various transparent films.  Accordingly, a deeper view inside 
of the related interference phenomena is provided, along with a new didactical approach. The concept of interference of light is 
developed and the optical path difference is introduced as a crucial parameter in explaining the formation of the interference 
patterns. Particularization is done in case of thin film interference, explaining so the spectacular game of colors on the surface of 
transparent films, observed in nature.  
2011 Published by Elsevier Ltd. 
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1. Introduction 
Very often one may observe by the own eyes, spectacular and colorful images superposed on various transparent 
films. For example, a soap bubble appears in the sun light as a wonderful Christmas ball covered by a color gradient 
whereas a soap thin film appears as furrowed by nice colored strips (figure 1.a and b).  Even a dirty oil spot floating 
on water looks wonderful in a proper light (figure 1.c). Children and students are really fascinated about such 
images and ask many times about the mystery behind them. Shortly, we explain that the effect is due to the 
superposition/interference of light reflected on the two faces of the involved media, which in this case are thin films 
of soap or oil.  
Certainly, this explanation is not satisfactory for the curios minds of the most students and a much deeper view 
inside of the phenomena is required. It is worth noticing here a critical pedagogic issue which is still under debate: at 
what extent should be introduced at the classroom a given scientific concept or explanation for an observed 
phenomenon. Our opinion is that at least with respect to the concepts in physics, they should be introduced always at 
the deepest level allowed by the specific training and opening of the students.  Although the introduced concepts 
might be at date a little difficult, the pleasure raised up by the understanding of their effects from the daily life can 
definitely compensate for the initial difficulty (Lawson, 2010). On the other hand, physics is considered to be 
difficult because it uses as specific language the mathematics, which is seen by most of the students as being too 
abstract and therefore, useless. Actually, just this language can ensure the full understanding of the concept and 
behind the barrenness of the mathematical relations, shines often the light of the true (Hovis and Kragh, 1993).  
Therefore the concepts in physics should be not introduced at only qualitative level but together with the 
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corresponding mathematical description, which in turn can be made more accessible by using for example, modern 
computer based facilities (graphical representations, simulations, etc.).  
Figure 1. Colorful image of a soap bubble (a) and soap thin film (b). Colored oil spot floating on water (c). 
Along the above mentioned lines, the concept of interference of light, which explains the formation of the colored 
images on the surface of transparent thin films, is carefully considered.  Interference phenomena are firstly 
introduced and exemplified in case of mechanical waves. Then, the interference of light is developed in a general 
manner, starting from the particularities of the electromagnetic waves in the visible spectral range. The optical path 
difference is introduced as a crucial parameter in explaining the formation of the interference patterns. A further 
particularization is done in case of thin film interference, explaining so the spectacular game of colors on the surface 
of transparent films, observed in nature. Finally, the determination of the thickness of a reflecting thin film, by total 
contrast interferometry, is provided as an exemplification for a technological application of the effect.
2. General aspects of interference  
The dual character of light, which in certain situations can be considered as an electromagnetic wave (wave 
character), whereas in others, as an assembly of particles called photons (corpuscular character), has been for many 
decades a fascinating topic for physicists and philosophers of science (Magyar, 1965). The interference is one of the 
phenomena which clearly reveal the wave character of the light. Once we assume the light as a wave, an analogy 
with the interference of the mechanical waves might be considered as the starting point for understanding the more 
profound aspects of the phenomenon in case of light (Crawford, 1968).  Two simple examples will be provided in 
this regard: 
Figure 2. Waves of different excitations (up-up (a) and up-down (b) ) propagating along opposite directions of the same elastic string. 
Interference field from two oscillatory coherent sources on the water surface (c).
(i)  Two  mechanical  waves  are  propagating  in  opposite  directions  along  an  elastic  string.  Any  point  at  the  
superposition of the two perturbations, will oscillate depending on the sense of the two perturbations (up-up or up-
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down), respectively on the forces acting in the superposing point. Hence, a maximum perturbation is obtained in the 
first case (a) and a null one in the second case (b) of figure 2. 
(ii) Two small stones are thrown simultaneously on the surfaces of a lake, not to far away each from the other. 
Each one generates circular surface waves which are propagating radially. On the superposing area (called 
interference field) they might be observed stationary zones of maximum and zero amplitude (www.physics-
animations.com in figure 2(c), exemplified for 2 oscillatory sources at the water surface) 
From the above examples we may infer that the oscillation of any point where the two waves arrive, depends on 
the oscillation phase of each wave. Let’s consider graphically two sinusoidal oscillations acting on the same point. If 
the two oscillations are in phase, a constructive superposition is obtained, if they are in anti-phase, a destructive one 
is obtained. Such cases are exemplified via figure 3, where the graphics were drawn by using simple subroutines 
performed in Labwiew.  
Figure 3. Superposition of two sinusoidal waves of identical frequency, different amplitudes and of either the same phase (left picture) 
or of opposite phase (right picture). More suggestive are the right hand graphics of each picture.
When speaking about waves and related oscillations in a certain point, we have to consider their propagation from 
the source location. Hence, the oscillation of a point located at the distance x from  the  source  is  given  by  the  
relation: 
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where, y = the elongation of the oscillation at the moment t , v is the velocity of the wave andȦ=2ʌ/T, is the wave 
frequency (T, the period).Ȝ=vT is called wavelength and represents the distance traveled by the wave front in time 
T. When two waves are superposing in a point, the relative positions of that point with respect to the two sources, x1
and x2 , have to be taken into account in order to estimate the resultant oscillation y=y1+y2 .
3. Interference of light  
The interference of light assumes the careful consideration of all the above issues in case of light, seen as an 
electromagnetic wave. Hence, the following assumptions are considered when dealing with the interference of light: 
• Light waves interfere with each other, similar to mechanical waves 
• The interference associated with light waves arises when electromagnetic fields that constitute the 
individual waves, superpose.  
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• An electromagnetic wave is seen as an assembly of electric, E, and magnetic, B, fields which oscillates and 
generates each other in a mutual way. E and B vectors oscillate perpendicular one to the other and perpendicular on 
the propagation direction of the wave.  
• The sensation of light is given only by the electric component of the wave. Actually, the sensation is related 
to the intensity of light, I, which is proportional to E2. Due to the inertia of any light detector (including eye), it 
sense the time average of the intensity, leading so to just a proportionality between the intensity and the square 
amplitude of the electric field.   
• At variance to the mechanical waves, where variations of the amplitudes are involved, the light interference 
involves variations of the intensity. 
• A linear superposition of the electric components of the superposing waves is considered in each point: 
E=E1+E2. The corresponding intensity is proportional to the square amplitude of the resulting electric field.          
•  The  light  interference  requires  special  conditions  for  the  two  superposing  waves:  (i)  same  Ȧ and  (ii)  
constant phase difference, both conditions being related to the so called coherent sources of light. 
Let’s express in a mathematical form the above mentioned issues. In this regard, two coherent sources, S1 and S2,
emitting light of the same frequency and intensity will be considered (figure 4). The resulting electric field of the 
two waves in point P (located at distances r1 and r2, from the two slits, S1 and S2) is:  
Figure 4. Light coming from two coherent sources superposing in point P.
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It results straightforward that:  
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The amplitude of this oscillating resultant electric field and the light intensity in point P, are:  
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It may be observed that the intensity depends spatially on just only one parameter, which is: 
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with v, the light velocity in the the medium of refractive index n, c=the light velocity in vacuum, Ȝ0=cT , the 
wavelength in vacuum. The difference ǻ=n(r2 –r1) is called optical path difference. It is always associated to a 
geometrical path difference, r2 –r1, if the two interfering waves are propagating in the same medium.  Otherwise ǻ=
į2 – į1 with įi =Ȉnkrk . įi is called the optical path when the light travels various media nk . According to the above 
relation, the light intensity in a given point P (located at distances r1 and r2 from two light sources is maximum if: 
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Similarly, the intensity is minimum, if: 
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As it can be observed, the spatial variation of intensity depends on the relation between the optical path 
differences and the wavelength of the light. When dealing with monochromatic light sources (just one frequency), a 
same color, of different intensity, is observed over the space. The interference is related in this case only to the 
geometrical path difference. By using sources of white light (e.g. natural light), different wavelengths fulfill the 
condition of maximum/minimum intensity in different points of the space, giving rise to the spectacular game of 
light which is so often observed in the nature. Let’s explain in a deeper detail the spectacular game of light observed 
on a film of oil over the water surface. 
4. Thin film interference   
Let's assume a light beam (1) coming from air (refractive index n0=1) and incident on the surface of an oil film 
(refractive index n), floating on water (refractive index n1) (n0<n<n1). The two reflected beams (2) and (3) 
originating from the same incident beam (1), are coherent and can interfere (figure 5).  
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Figure 5. Interference of light reflected on the two surfaces of an oil film floating on water.
The interference condition has to be related to the oil film thickness, d.  The optical path difference, ǻ, from the 
two interfering rays (2 and 3) is : 
  ADBCABn   ' 23 GG    (9)
where :   
rdBCAB cos/   ; iACAD sin ; rrdAC cos/sin2 ; rni sinsin     (10) 
The optical path difference can be directly expressed in these conditions as: 
rnd cos2 ' (11) 
Let’s analyze the above relation with respect to condition of maximum intensity. Accordingly, maximum of 
intensity is obtained (see relation (7)) for:  
2,1,0,cos2 0 rr  KKrnd O                                                                                 (12) 
 When working with natural light (superposition of colors), each wavelength Ȝ0 from the visible spectrum, gives 
rise to its maximum of interference at its specific angle, r. While the reflected parallel beams interfere far away, 
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interference patterns of different colors can be observed on the oil surface by the eyes, which are adapted to great 
distance.  
Except such spectacular and colorful interference fringes observed in nature, this specific kind of interference can 
be used in high technology, e.g. for the determination of the thickness of either transparent or reflecting thin films. A 
brief description of the total contrast interferometry technique will be given in the following. 
5. Total contrast interferometry (TIC) for  thin film thickness determination 
This type of micro-interferometry uses a microscope provided with a TIC prism. The TIC prism splits the beam 
coming from the object in two components, which present between them a constant optical path difference. Parallel 
interference fringes result for every perfect plane surface. The thickness of a reflecting thin film can be determined 
only by using a step on another reflecting film (see figure 6). A same interference pattern is formed for the both 
planar films, interrupted by a shifted interference pattern due to the thickness of the step.
Figure 6.  Step used for thickness determination  and interference patterns at the step position 
The optical path difference associated to the thickness d is (see figure 6): 
DG cos2nd (13)
The thickness d, at normal incidence (D  is given by the relationship, which derive straightforward from the 
above expression (Apostol, 2008), with "b" the shift of the central fringe at the step position and "a" the interfringe 
(see figure 6, right side): 
2
O
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   The thickness of a Cu film grown on a Si substrate was measured by an Axio Imager.D1m microscope (Karl 
Zeiss AG) provided with a modulator turret for total contrast interferometry. Three determinations were performed 
and then averaged, in order to increases the precision. Working in white light, an average value over the visible 
spectrum is taken for Ȝ (Ȝ = 550 nm). The image of the step, the interference patterns and the obtained results are 
shown in figure 7.            
6. Conclusions 
This paper deals with the general problem related to the scientific grounded explanations of wonderful 
phenomena which delight us often in the daily life. In particular, the physical reasoning of the spectacular games of 
light observed at the surface of transparent thin films is considered. The general concept of interference is 
introduced and particularized to the case of light. The formation of minima/maxima of intensity for different colors 
is discussed with respect to the relationship between the optical path difference and the component wavelengths of 
the light. While the optical path difference in the case of thin film interference is dependent on the film thickness, 
colorful fringes might be observed at the surface of transparent films with thicknesses approaching the wavelength  
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Figure 7. Geometry of the system and corresponding image of the step (a) and of the TIC interference patterns (b).                             
The results of the measurements are shown in the neighboring table. 
of the incident light. An interferometric technique for thickness determination in case of reflecting thin films is 
finally discussed and experimental results are presented. 
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